Objective: To investigate the protective effects and mechanisms of action of dexamethasone and Salvia miltiorrhiza on multiple organs in rats with severe acute pancreatitis (SAP). Methods: The rats were divided into sham-operated, model control, dexamethasone treated, and Salvia miltiorrhiza treated groups. At 3, 6, and 12 h after operation, the mortality rate of different groups, pathological changes, Bcl-2-associated X protein (Bax) and nuclear factor-κB (NF-κB) protein expression levels in multiple organs (the pancreas, liver, kidneys, and lungs), toll-like receptor 4 (TLR-4) protein levels (only in the liver), intercellular adhesion molecule 1 (ICAM-1) protein levels (only in the lung), and terminal deoxynucleotidy transferase mediated deoxyuridine triphosphate (dUTP) nick end labeling (TUNEL) staining expression levels, as well as the serum contents of amylase, glutamate-pyruvate transaminase (GPT), glutamic-oxaloacetic transaminase (GOT), blood urea nitrogen (BUN), and creatinine (CREA) were observed. Results: The mortality rate of the dexamethasone treated group was significantly lower than that of the model control group (P<0.05). The pathological changes in multiple organs in the two treated groups were relieved to different degrees (P<0.05 and P<0.01, respectively), the expression levels of Bax and NF-κB proteins, and apoptotic indexes of multiple organs were reduced (P<0.05 and P<0.01, respectively). The contents of amylase, GPT, GOT, BUN, and CREA in the two treated groups were significantly lower than those in model control groups (P<0.05 and P<0.01, respectively). The expression level of ICAM-1 protein in the lungs (at 3 and 12 h) in the dexamethasone treated group was significantly lower than that in the Salvia miltiorrhiza treated group (P<0.05). The serum contents of CREA (at 12 h) and BUN (at 6 h) of the Salvia miltiorrhiza treated group were significantly lower than those in the dexamethasone treated group (P<0.05). Conclusions: Both dexamethasone and Salvia miltiorrhiza can reduce the inflammatory reaction, regulate apoptosis, and thus protect multiple organs of rats with SAP.
. In SAP, the production of a large number of cytokines and vasoactive substances can, directly or indirectly, give rise to decreased local blood flow and blood flow velocity, leukocyte adhesion, and increased capillary permeability, which can cause microcirculatory disturbances (Strate et al., 2003; von Dobschuetz et al., 2004) . Microcirculatory disturbance is one of the trigger factors for the development of acute pancreatitis (AP) (Foitzik et al., 2000; Qu et al., 2003) . During the development and progression of SAP, obvious immune dysregulation develops, which manifests mainly as an excessive immune response in the early stages, and immunosuppression in the late stages. Apoptosis is a self-protective strategy employed by the body for removal of destroyed cells by initiating programmed gene expression under certain pathophysiological conditions. There is a kind of substantial distinction between apoptosis and necrosis (Samuilov et al., 2000) . The extent of apoptosis is associated with SAP-induced multiple organ injury (Takeyama, 2005; Zhang et al., 2007c) . Salvia miltiorrhiza ('Danshen' in Chinese) injection and dexamethasone injection are representative traditional Chinese and Western medicines, respectively, most frequently used for the treatment of SAP patients. Salvia miltiorrhiza exerts therapeutic effects on SAP mainly by improving microcirculation, while dexamethasone acts mainly through suppressing inflammatory mediators (Zhang et al., 2007d; 2007e) . Salvia miltiorrhiza is a commonly used Chinese herb for promoting blood flow and removing blood stasis. Its main active ingredients are water-soluble materials, including danshensu, salvianolic acid, and protocatechualdehyde (Cui et al., 2007) . These compounds can protect endothelial cells, and prevent inflammation, lipid peroxidation, and calcium overload (Kim et al., 2005; Li et al., 2006; Ding and Yuan, 2007; Lam et al., 2007; Zhao et al., 2008) . Studies have proved that Salvia miltiorrhiza can mitigate the pathological changes in the liver, lung, kidney, intestine, and stomach of SAP rats, and prevent the occurrence of multiple organ failure (Zhang et al., 2002a; 2002b; 2002c; 2005) . Dexamethasone has anti-inflammatory, anti-toxic, and anti-shock effects. Since it can inhibit the inflammatory response in many diseases, dexamethasone is widely used in the treatment of severe infections (Zhang X.P., et al., 2006; Zhang X., et al., 2008) . Moreover, it can inhibit the expression of multiple inflammatory mediator genes and antagonize the effects of inflammatory mediators by increasing the synthesis of anti-inflammatory proteins, thereby producing therapeutic effects on SAP rats (Sugiyama et al., 2005; Kandil et al., 2006; Muller et al., 2008) .
In the present study, we investigated the protective effects and mechanisms of action of dexamethasone and Salvia miltiorrhiza injections on multiple organs of SAP rats by analyzing multiple parameters, and compared the respective advantages of the two drugs.
Materials and methods

Experimental animals
Clean grade male Sprague-Dawley (SD) rats of 250-300 g body weight were obtained from the Experimental Animal Center of the Medical School, Zhejiang University, China.
Experimental drugs and reagents
Sodium taurocholate was obtained from the Sigma Company (St. Louis, MO 63103, USA). Dexamethasone injection was obtained from Zhejiang Xinchang Pharmaceutical Company, China. Salvia miltiorrhiza injection was obtained from Chiatai Qingchunbao Pharmaceutical Co., Ltd. (Hangzhou, China). Bcl-2-associated X protein (Bax) and nuclear factor-κB (NF-κB) P65 antibodies were purchased from the Santa Cruz Company (California 95060, USA). Intercellular adhesion molecule 1 (ICAM-1) antibody was purchased from Gene Company Limited (Shanghai, China); toll-like receptor 4 (TLR-4) antibody was purchased from Wuhan Boster Biological Technology Co., Ltd. Hubei, China. The main reagent for DNA nick in situ end-labeling (terminal deoxynucleotidy transferase mediated deoxyuridine triphosphate (dUTP) nick end labeling (TUNEL)) staining (TaKaRa in situ apoptosis detection kit) was purchased from the TaKaRa Biotechnology Co., Ltd. (Jindu, Japan). The serum contents of amylase, glutamate-pyruvate transaminase (GPT), glutamicoxaloacetic transaminase (GOT), blood urea nitrogen (BUN), and creatinine (CREA) were determined using an automatic biochemistry analyzer, and the reagents were purchased from the Sysmex Biological Technology Co. Ltd. (Xi'an, China).
Experimental methods and animal groupings
A total of 144 rats were randomly divided into sham-operated, model control, dexamethasone treated, and Salvia miltiorrhiza treated groups (n=36 each). These groups were further randomly subdivided into 3, 6, and 12 h groups (n=12 each) according to time points after operation. Fifteen minutes after SAP model was induced, the dexamethasone treated and Salvia miltiorrhiza treated groups were injected via the femoral vein. The sham-operated and model control groups were injected with saline of the same volume at 15 min after the operation. At the corresponding time points after operation, the bloods from heart and tissue specimens of multiple organs (the pancreas, liver, kidneys, and lungs) were collected. The procedures were approved by the ethics committee of Zhejiang Cancer Hospital and Zhejiang University. The following observations were made: (1) after the mortality rates were recorded, the pathological changes in the multiple organs were examined and pathological severity scores were assigned; (2) the amylase contents and hepatic and renal function indexes (GPT, GOT, BUN, and CREA) were determined; (3) tissue microarrays of the multiple organs were prepared (1.5 mm diameter), and then the expression levels of Bax and NF-κB proteins (in the multiple organs), TLR-4 protein (only in the liver), and ICAM-1 protein (only in the lungs), were determined, TUNEL staining (in the multiple organs) was conducted, and apoptotic indexes were recorded.
Preparation of animal models, therapeutic regimens, and statistical analysis methods
Related research was reviewed in a recent article (Zhang et al., 2010) . Briefly, sodium taurocholate (3.5%, 0.1 ml/100 g) was transfused into the bile duct in the direction of the papilla at a flow rate of 0.2 ml/min using a microinjection pump. Fifteen minutes after successful operation, a single dose injection was given, and then the corresponding medication was continued with a micro-infusion pump via the femoral vein. The Kruskal-Wallis test was used for comparisons among the four groups, and the Mann-Whitney test for comparisons within each of the four groups. Differences were considered significant when P<0.05.
Results
Comparison of mortality rate
A related study was reported in a recent article (Zhang et al., 2010) . Briefly, at 12 h, the mortality rate was significantly higher in the model control group than in the sham-operated group (P<0.001) or the dexamethasone treated group mortality was significantly lower than that of the model control group (P<0.05).
Pathological changes in multiple organs
Gross pathological changes in the pancreas
Sham-operated group: the pancreas was intact in structure and yellowish in color. At all time points after operation, no obvious abnormalities were seen in the pancreas or peripancreatic fat and omenta. Model control group: the pathological changes in the pancreas were aggravated with postoperative duration. At 3 h, pancreatic congestion and edema, some of which showed jelly-like hemorrhage or necrosis, were obvious. At 6 and 12 h, the extent and scope of pancreatic congestion and edema were increased; a moderate number of saponified spots were visible in the peripancreatic epiploon; jelly-like changes occurred in the pancreas; pronounced hemorrhage and necrosis were seen. Treated groups: the extent and scope of pancreatic congestion, edema, hemorrhage, and necrosis were comparatively reduced to various degrees. The number of saponified spots was reduced compared to that in the model control group, an effect obvious in both treated groups.
Gross pathological changes in the lungs
Sham-operated group: the color and shape of both lungs were normal. Model control group: congestion and edema were seen in both lungs; the lungs had a pink color; dark red bleeding points on the surface of some areas of pulmonary lobes were seen (3 h). The pathological changes in the lungs were aggravated, and dark red plaques were seen on the surface (6 h, 12 h). Treated groups: the pathological changes in the lungs showed various degrees of mitigation, which was most obvious in the dexamethasone treated group.
Gross pathological changes in the liver
Sham-operated group: no obvious liver swelling was seen, and the liver was normal in color. Model control group: the liver showed mild swelling; some granular plaques with obscure boundaries were seen in some areas of the livers of individual rats (3 h). The liver became pale and turbid or showed congestion; scattered and irregular shaped gray plaques or necrotic spots were seen in some rats, and were especially obvious at the edge of the liver (6 h, 12 h). Treated groups: the pathological changes in the liver showed various degrees of mitigation.
Gross pathological changes in the kidneys
Sham-operated group: no kidney swelling was seen, and the kidneys were normal in morphology. Model control group: no obvious pathological changes in the kidneys were seen (3 h); renal swelling and capsular tension were observed, bleeding points were scattered on the surface of the renal capsule in some rats, and slightly bloody intrapelvic urine was seen in severe cases (6 h, 12 h). Treated groups: the pathological changes in the kidneys showed various degrees of mitigation.
Pathological changes in the pancreas under light microscopy
Sham-operated group: the pancreas was normal in most rats. Focal edema and infiltration of a small number of inflammatory cells were seen in the pancreas of a few rats. Model control group: the pathological changes in the pancreas were aggravated with an increase in postoperative duration. At 3 h, most rats showed interlobular and interacinar edema and acinar necrosis, as well as inflammatory cell infiltration, while a few showed hemorrhage and fat necrosis. At 6 h, all rats showed interlobular and interacinar edema and acinar necrosis, as well as inflammatory cell infiltration, while some showed hemorrhage and fat necrosis. At 12 h, all rats showed interlobular and interacinar edema, acinar necrosis, and inflammatory cell infiltration, as well as hemorrhage, while some rats showed fat necrosis. Salvia miltiorrhiza treated group: at 3 h, some rats showed interlobular and interacinar edema, and interlobular or perivascular inflammatory cell infiltration, as well as acinar necrosis, while some individual rats showed no obvious abnormality. At 6 and 12 h, most rats showed interlobular and interacinar edema, and inflammatory cell infiltration, as well as acinar necrosis. Dexamethasone treated group: at 3 h, most rats showed interlobular and interacinar edema, and interlobular or perivascular inflammatory cell infiltration, as well as occasional acinar necrosis. A small number of rats showed hemorrhage and fat necrosis, and a few showed no obvious abnormality. At 6 h, all rats showed interlobular and interacinar edema, acinar necrosis, and inflammatory cell infiltration, as well as acinar necrosis, while a small number showed mild hemorrhage and fat necrosis. At 12 h, the pancreas of all rats showed interlobular and perivascular inflammatory cell infiltration. Some rats showed interlobular and interacinar edema and others showed acinar necrosis.
Pathological changes in the lungs under light microscopy
Sham-operated group: most rats showed chronic inflammatory cell infiltration in the interstitium, while a few showed no abnormality. Model control group: at 3 h, most rats showed chronic inflammatory cell infiltration in the interstitium, hyperplasia and widening of the alveolar septum, and local deposition of plasma substances into the wall of small arteries, while a few showed only capillary distension and congestion in the alveolar septum, hyperplasia and widening of the alveolar septum, and inflammatory cell infiltration in the interstitium. At 6 h, most rats showed chronic inflammatory cell infiltration in the interstitium, hyperplasia and widening of the alveolar septum, and local deposition of plasma substances into the wall of small arteries, while some showed only capillary distension and congestion in the alveolar septum, hyperplasia and widening of the alveolar septum, and inflammatory cell infiltration in the interstitium. At 12 h, some rats showed chronic inflammatory cell infiltration in the interstitium, capillary distension and congestion in the alveolar wall, and hyperplasia and widening of the alveolar septum while a few showed only inflammatory cell infiltration in the interstitium. Salvia miltiorrhiza treated group: no obvious differences in the pathological changes in the lungs were observed among different time points. Some rats showed inflammatory cell infiltration in the interstitium, and hyperplasia and widening of the alveolar wall. Two rats showed no obvious abnormality in the lungs at 3 and 6 h, respectively (Fig. 1) . Dexamethasone treated group: at 3 and 6 h, most rats showed chronic inflammatory cell infiltration in the interstitium, hyperplasia and widening of the alveolar septum, and capillary distension and congestion, while a few showed only chronic inflammatory cell infiltration in the interstitium. Four rats showed no obvious abnormality in the lungs at 3 h (in three cases) and 6 h (in one case) after operation. At 12 h, most rats showed chronic inflammatory cell infiltration in the interstitium, capillary distension and congestion in the alveolar wall, and hyperplasia and widening of the alveolar septum, while a few showed only chronic inflammatory cell infiltration in the interstitium.
Pathological changes in the liver under light microscopy
Sham-operated group: the structure of the hepatic lobules was intact, inflammatory cell infiltration in the portal area was occasionally seen, and the majority of hepatic cells showed normal morphology. A few rats showed swelling and eosinophilic denaturation of hepatic cells, as well as narrowing of hepatic sinusoids, while some showed hyperplasia of Kupffer cells. Model control group: the pathological changes in the liver were aggravated with an increase in postoperative duration. At 3 h, most rats showed swelling of hepatic cells, narrowing of hepatic sinusoids, neutrophil infiltration and edema in the portal area, eosinophilic denaturation or necrosis of hepatic cells, hyperplasia and hypertrophy of Kupffer cells (Grade I of pathological changes), as well as spotty necrosis, while a few showed patchy necrosis of hepatic cells. At 6 h, most rats showed Grade I pathological changes accompanied by spotty necrosis, while some showed patchy necrosis of hepatic cells. At 12 h, most rats showed Grade I pathological changes accompanied by interconnected spotty necrosis, while some showed patchy necrosis of hepatic cells and hemorrhage. Salvia miltiorrhiza treated group: at all time points, the pathological changes in the liver in the Salvia miltiorrhiza treated group were milder than those in the model control group. At 3 h, most rats showed swelling of hepatic cells, narrowing of hepatic sinusoids, eosinophilic denaturation, and necrosis of hepatic cells, as well as hyperplasia of Kupffer cells. The livers of some rats showed neutrophil infiltration in the portal area. Very few rats showed Grade I pathological changes accompanied by spotty or patchy necrosis. At 6 h, most rats showed swelling of hepatic cells, narrowing of hepatic sinusoids, eosinophilic denaturation of hepatic cells, as well as hyperplasia of Kupffer cells. A few rats showed neutrophil infiltration in the portal area. Very few rats showed Grade I pathological changes accompanied by spotty or patchy necrosis. At 12 h, most rats showed swelling of hepatic cells, narrowing of hepatic sinusoids, eosinophilic denaturation of hepatic cells, and hyperplasia of Kupffer cells, as well as neutrophil infiltration in the portal area. Very few rats showed spotty necrosis or patchy hemorrhage and necrosis. A few showed minor changes in hepatic cells. Dexamethasone treated group: the pathological changes in the liver were mitigated with an increase in postoperative duration. At 3 h, most rats showed Grade I pathological changes while a few showed Grade III pathological changes. At 6 h, most rats showed Grade I pathological changes, while very few showed Grade III pathological changes. One rat showed no obvious abnormality in the liver. At 12 h, some rats showed spotty necrosis, while others showed swelling of hepatic cells, narrowing of hepatic sinusoids, and hyperplasia of Kupffer cells (Fig. 2) . Sham-operated group: at all time points, the kidneys were basically normal. A few rats showed swelling of renal tubular epithelium, interstitial edema, and narrowing of renal tubular lumen, while very few showed hyperplasia of glomerular cells. Model control group: the pathological changes in the kidneys were aggravated with an increase in postoperative duration. At 3 h, most rats showed glomerular capillary congestion and scattered necrosis of renal tubular epithelial cells, while some showed interstitial edema and inflammatory cell infiltration, swelling of renal tubular epithelial cells, narrowing of renal tubular lumen and protein casts in the lumen. At 6 h, most rats showed glomerular capillary congestion, swelling of renal tubular epithelial cells, narrowing of renal tubular lumen, protein casts in the lumen, as well as scattered necrosis of renal tubular epithelial cells, while a few showed patchy necrosis of the renal tubular epithelium. At 12 h, most rats showed glomerular capillary congestion, swelling of renal tubular epithelial cells, narrowing or closure of the renal tubular lumen, protein casts in the lumen, as well as patchy necrosis of renal tubular epithelial cells, while a few rats showed scattered patchy necrosis of the renal tubular epithelium (Fig. 3a) . Salvia miltiorrhiza treated group: at 3 h, most rats showed glomerular capillary congestion, swelling of renal tubular epithelial cells, protein casts in the lumen, patchy necrosis of renal tubular epithelial cells, interstitial edema and inflammatory cell infiltration in the interstitium, while very few showed scattered patchy necrosis of the renal tubular epithelium. At 6 and 12 h, most rats showed glomerular capillary congestion, swelling of renal tubular epithelial cells, narrowing of the renal tubular lumen, protein casts in the lumen, patchy necrosis of the renal tubular epithelium, as well as interstitial edema (Fig. 3b) . Dexamethasone treated group: at 3 h, a few rats had no glomerular abnormality, but showed swelling of renal tubular epithelial cells, narrowing of the renal tubular lumen and protein casts in the lumen. Most rats showed glomerular congestion and scattered necrosis of renal tubular epithelial cells. A few showed patchy necrosis of the renal tubular epithelium. At 6 and 12 h, most rats showed glomerular capillary congestion and scattered necrosis of renal tubular epithelial cells. A few showed patchy necrosis of the renal tubular epithelium and interstitial edema. Some rats had eosinophilic granules in the space between glomerular capillaries, as well as in the glomerulus and the cytoplasm of renal tubular epithelial cells.
Comparison of pathological severity scores of multiple organs
The treated groups and the model control group (at all time points) had significantly higher scores than the sham-operated group (P<0.05 or P<0.01). The scores for the pancreas of the treated groups (at 12 h) were significantly lower than that of the model control group (P<0.05). The score for the liver of the Salvia miltiorrhiza treated group (at 6 h) was significantly lower than that of the model control group (P<0.05). The scores for the kidneys of the treated groups (at 6 and 12 h) were significantly lower than that of the model control group (P<0.01) ( Table 1) .
Comparison of Bax protein expression level in multiple organs
The expression levels in the pancreas (at 6 h), liver, kidneys, and lungs (at all time points) of the sham-operated group were significantly lower than those of the model control group (P<0.05). The expression levels in the pancreas (at all time points) and liver (at 3 and 6 h) of the sham-operated group were significantly lower than those of the dexamethasone treated group (P<0.05 or P<0.01). The expression levels in the pancreas (at 3 and 12 h) and the liver (at 3 and 6 h) of the sham-operated group were significantly lower than those of the Salvia miltiorrhiza treated group (P<0.05). The expression levels in the pancreas (at 6 h) of the dexamethasone treated group were significantly higher than those of the model control group (P<0.05). The expression levels in the liver (at all time points) and the kidneys (at 6 and 12 h) of the dexamethasone treated group, as well as the liver (at all time points), lungs (at 12 h), and kidneys (at all time points) of the Salvia miltiorrhiza treated group, were significantly lower than those of the model control groups (P<0.05 or P<0.01). The expression levels in the pancreas (at 6 h) of the Salvia miltiorrhiza treated group were significantly lower than those of the dexamethasone treated group (P<0.05) ( Table 2) .
Comparison of NF-κB protein expression levels in multiple organs
The expression levels in the pancreas, lungs, liver (at all time points) and kidneys (at 6 and 12 h) of the sham-operated group were significantly lower than those of the model control group (P<0.05 or P<0.01). The expression levels in the liver (at 3 h) of the sham-operated group were significantly lower than those of the dexamethasone treated group (P<0.05). The expression levels in the pancreas (at 6 and 12 h), lungs (all time points), liver (at 6 and 12 h), and kidneys (at 12 h) of the dexamethasone treated group, as well as the pancreas, lungs (all time points), and liver (at 6 h) were significantly lower than those of the model control group (P<0.05). However, no marked differences were found between the treated groups (P>0.05) ( Table 3) . 
Comparison of apoptotic index in multiple organs
The indexes of the pancreas (at 12 h), kidneys, and liver (at all time points) of the sham-operated group were significantly lower than those of the model control group (P<0.05 or P<0.01). The indexes of the pancreas (at 6 and 12 h) of the sham-operated group were significantly lower those of the treated groups (P<0.05). The indexes of the liver (at all time points) and the kidneys (at 6 and 12 h) of the dexamethasone treated group, as well as the liver and the kidneys (at all time points) of the Salvia miltiorrhiza treated group, were significantly lower those of the model control groups (P<0.05). No marked differences were noted between the treated groups (P>0.05) (Table 4 and Figs. 4-6 ).
Comparison of TLR-4 protein expression levels in the liver
No marked differences were found among all the groups (P>0.05) ( Table 5) .
Comparison of ICAM-1 protein expression levels in the lungs
The sham-operated group had significantly lower ICAM-1 levels than the model control group at 12 h (P<0.05). Expression levels in the dexamethasone treated group were significantly lower those of the model control group at 3 and 12 h (P<0.05). The dexamethasone treated group had significantly lower expression levels than the Salvia miltiorrhiza treated group at 3 h (P<0.05) ( Table 5) .
Comparison of serum amylase content
The amylase content of the sham-operated group was significantly lower than those of the model control group and the two treated groups at all time points (P<0.01). The two treated groups had significantly lower levels than the model control group at 12 h (P<0.05) ( Table 6 ).
Comparison of serum GPT content
The sham-operated group (at all time points) had a significantly lower GPT content than the model control group (P<0.01), the dexamethasone treated group (at 12 h), and the Salvia miltiorrhiza treated group (at 3 and 12 h). The dexamethasone treated group (at 12 h) had a significantly lower GPT content than the model control group (P<0.05) ( Table 6 ).
Comparison of serum GOT content
The sham-operated group had a significantly lower GOT content than the model control group and treated groups at all time points (P<0.05) ( Table 6 ).
Comparison of serum BUN content
The sham-operated group had a significantly lower BUN content than the dexamethasone treated group at all time points (P<0.01) and the Salvia miltiorrhiza treated group at 3 and 6 h (P<0.05). The dexamethasone treated groups had significantly lower BUN contents than the model control group at 3 and 12 h (P<0.01). The Salvia miltiorrhiza treated group had significantly lower BUN contents than the model control groups at all time points (P<0.05) ( Table 6 ).
Comparison of serum CREA content
The sham-operated group had a significantly lower CREA content than the model control groups and treated groups at all time points (P<0.05), and the Salvia miltiorrhiza treated group at 3 and 6 h (P<0.01). The Salvia miltiorrhiza treated and dexamethasone treated groups had significantly lower CREA contents than the model control group at 6 h (P<0.05). The CREA content of the Salvia miltiorrhiza treated group was significantly lower than that of the dexamethasone treated group at 12 h (P<0.05) ( Table 6 ).
Discussion
After treatment with dexamethasone and Salvia miltiorrhiza, the pathological changes in multiple organs of SAP rats showed variable degrees of mitigation. In addition, both drugs could protect the hepatic and renal functions of SAP rats and decrease the contents of amylase and CREA in the blood, suggesting that both drugs can exert protective effects on multiple organs of SAP rats.
Apoptosis is governed by genes. Bax is an apoptosis-inducing gene that belongs to the same family as the bcl-2 gene. Transfection of the Bax gene into cells can increase the apoptosis index (Sha et al., 2008) , promoting the formation of Bax homodimers and thus can enhance the occurrence of apoptosis (Gomez et al., 2001) . Both dexamethasone and Salvia miltiorrhiza can suppress the expression of Bax protein in multiple organs and mitigate apoptosisinduced multiple organ injury. This result is consistent with the conclusions previously drawn by other researchers . In this study, we found that dexamethasone can potentially induce apoptosis of pancreatic acinar cells, although its inductive effect is not apparent. Surprisingly, both the up-regulation of Bax protein expression in pancreatic acinar cells and the down-regulation of this protein expression in the liver, kidneys, and lungs could show protective effects on corresponding organs or tissues. To date, there is no convincing explanation for this observation. We speculate that an increase in pancreatic apoptosis may mitigate secondary pancreatic damage since extensive hemorrhage and necrosis are present in the pancreas. In contrast, the pathological changes in the liver, kidneys, and lungs are milder than those in the pancreas. Thus, apoptosis as a mode of cell death will inevitably damage the structure and functions of these organs.
NF-кB is involved in the development of SAP through up-regulating the expressions of ICAM-1 and TNF-α genes. The up-regulation of NF-кB can aggravate SAP-induced multiple organ injury (Meng et al., 2005; Xu et al., 2007; Campo et al., 2008; Song et al., 2008) . The results of this study showed that both dexamethasone and Salvia miltiorrhiza can downregulate the expression of NF-кB protein, reduce the production of inflammatory mediators, and thereby exert protective effects on multiple organs of SAP rats. ICAM-1 can interact with the integrin on the surface Table 6 Comparision of different blood indexes of granulocytes and play a key role in the adhesion between leukocytes and vascular endothelial cells. The over-expression of ICAM-1 is associated with SAP-induced multiple organ injury (Martín Alonso et al., 2007) . This study proved that dexamethasone was able to reduce the expression level of ICAM-1 protein in the lungs, thus exerting some protective effects.
Our results show that the expression levels of ICAM-1 protein in the lungs of rats in the dexamethasone treated group were significantly lower than those in the Salvia miltiorrhiza treated group, and the contents of CREA and BUN in serum in the Salvia miltiorrhiza treated group were significantly lower than those in the dexamethasone treated group, suggesting that the two drugs have respective advantages and may be used together.
